We extract the heavy-baryons mass-splittings due to S U(3) breaking using double ratios of QCD sum rules. We evaluate the masses of the strange-heavy baryons Ξ Q , Ξ * Q , Ω Q and Ω * Q using as input the masses of the associated non-strange Λ Q , Σ Q and Σ * Q baryons. We notice that the leading term controlling the mass-splittings is the ratio ss / qq of the quark condensate and not the running massm s . We also predict the hyperfine splittings
Introduction
The quantm numbers and quark content of the bottom baryons are shown in Table 1 . The Λ b was the first observed bottom baryon. It was obsereved at the CERN ISR [1] and was confirmed by several collaborations. The PDG mass for this state is [2] :
Only in 2007, more than 15 years after the observation of Λ b , the Σ b and Σ * b were observed by the CDF Collaboration [3] . They were observed in the decay channel Σ ( * )± b → Λ 0 π ± with the masses given in Table 2 . Following this discovery, the D0 Collaboration reported the observation of the Ξ 5807.8 have been performed in full QCD [20, 21] and in HQET [22] , where the results are in quite good agreement with recent experimental findings but with relatively large uncertainties.
Here, we concentrate on the analysis of the heavy baryons mass-splittings due to S U(3) breaking using double ratios (DR) of QCDSR, which are less sensitive to the exact value and definition of the heavy quark mass and to the QCD continuum contributions than the simple ratios used in the literature to determine the absolute value of heavy baryon masses.
QCD Sum rules
The QCDSR is constructed from the two-point correlation function
Lorentz covariance, parity and time reversal imply that the correlator in Eq. (6) has the form
For each invariant function Π 1 and Π 2 , a sum rule can be obtained. The QCD sum rule approach represents an attempt to link the hadron phenomenology with the interactions of quarks and gluons. The method is based on three ingredients: a phenomenological description of the correlator, a theoretical description of the same correlator via an operator product expansion (OPE), and a procedure for matching these two descriptions and extracting the parameters that characterize the hadronic state of interest.
In the phenomenology side, each one of the invariant functions in Eq. (7) can be expressed as a dispersion integral over a physical spectral density ρ i :
where the dots represent subtraction terms. The spectral density is described, as usual, as a single sharp pole representing the lowest resonance plus a smooth continuum representing higher mass states:
where λ 2 gives the coupling of the current with the low mass hadron of interest and m B denotes the heavy baryon mass. It is assumed that the continuum contribution to the spectral density, ρ cont i (s) in Eq. (9), vanishes bellow a certain continuum threshold s 0 . Above this threshold, it is assumed to be given by the result obtained with the OPE:
In the OPE side, we work at leading order in α s and consider the contributions of condensates up to dimension six. We keep the terms which are linear in the strangequark mass m s . After making a Borel transform of both sides, and transferring the continuum contribution to the OPE side, the sum rules can be written as:
where M 2 is the sum rule parameter (Borel mass). An important point of this method is the choice of appropriate interpolating current. The lowest dimension general currents for the spin 1/2 baryons with one heavy quark Q are:
where b is an arbitrary mixing parameter. For the spin 3/2 baryons, we follow Ref. [21] and work with the interpolating currents:
where an anti-symmetrization over colour indices is understood. In general one can estimate the baryon masses from the following ratios:
Only as an example, we give here the results obtained for the Ω b . The expressions for the spectral densities are:
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where x = m 2 Q /s. The expressions for the spectral densities for the other currents are given in ref. [23] .
Results for Ω b
In the numerical analysis of the sum rules for the Ω b we use the same values used in ref. [14] However, this is not the case of the sum rule in Eq. (12), since for b = 1, for instance, the perturbative the quark condensate and the gluon condensate contributions vanishe. For values of b > 1 the perturbative term becames negative. Therefore, we will use only the sum rule in Eq. (11) . To obtain the mass of the baryon we use the ratio defined in Eq. (15) with i = 1.
In fig. 2 we show the results obtained for m Ω b , as a function of the Borel mass, for different values of b. We see from this figure that we get a reasonable Borel stability, and we get
in a very good agreement with the experimental value in Eq. (5), but with a relatively large uncertainty.
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Double ratio sum rules
The uncertainty in Eq. (19) in only due to the values of b and the Borel parameter. Therefore, taking into account the uncertainties due to the values of s 0 and to the QCD parameters (quark masses and condensates), the uncertainty in Eq. (19) should be even bigger. Besides, there is not a precise criterium to determine the value of the parameter b To try to circumvent these problems, instead of working with the ratios defined in Eqs. (15) and (16), we are going to use the double ratio sum rules (DR) [24] :
which take directly into account the S U(3) breaking effects. These quantities are less sensitive to the choice of the heavy quark masses and to the value of the continuum threshold than the simple ratios R i and R 21 .
For the numerical analysis whe shall introduce the RGI quantitiesμ andm q [25] :
where β 1 = −(1/2)(11 − 2n/3) is the first coefficient of the β function for n flavours, and τ = 1/M 2 . We have used the quark mass and condensate anomalous dimensions reviewed in [17] . We use the same QCD parameters as in ref. [23] , given in Table 4 .
As an example of the DR sum rule we show here the results obtained analysing the Ω c (css)/Σ c (cqq) and Ω b (bss)/Σ b (bqq) cases.
Ω c (css)/Σ c (cdd)
Analysing the Borel mass behavior and continuum threshold behavior of of the DR sum rules in Eq. (20), we found The final result from r sd 2 is: r
which is determined using 6 ≤ s 0 ≤ 11 GeV 2 . The sources of the errors come from M 2 , b, s 0 , m c , m s and κ. The other QCD parameters gives negligible errors. Using this result together with the experimental averaged value [2] :
we arrive at:
which is a little higher, but still in agreement (considering the errors) with the experimental result.
We repeat the previous analysis in the case of the b-quark. The curves present the same qualitative behaviour as in 
with the same sources of errors as before. Using this value together with the experimental averaged value [2] :
one obtain
which is in a very good agreement with the mean value between the CDF and D0 measurements for M Ω b .
Summary and Conclusions
We have extracted the heavy baryons mass-splittings due to S U(3) breaking using double ratios of the QCD sum rules, which are less sensitive to the heavy quark mass and to the QCD continuum contributions. As a result, we have provided predictions of the Ξ Q masses using the associated non-strange heavy baryons masses from the data. The different results are summarized in Table 5 [23]. Table 5 . QSSR predictions of the strange heavy baryon masses in units of MeV from the double ratio sum rules using, as input, the observed masses of the associated non-strange heavy baryons.
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